Abstract. In order to evaluate the road dangerous goods transportation system risk (RDGTSR) objectively, we divided the system into four sub-systems including Human (H), Machine (M 1 ), Environment (E) and Management (M 2 ), used the happened road dangerous goods transport accidents number and translation-corrected Entropy Weight Method (EWM) to calculate coupling coordination degree (CCD), established a new RDGTSR evaluation approach. We introduced the information loss tolerance coefficient (ILTC) to control the data information loss in a reasonable range when we applied the translation-corrected EWM to obtain the weight, the strict mathematical proof and case study results show that the smaller of the ILTC, the final weight is closer to the weight without translation-corrected. Also the case study results show that three-factors coupling degree is higher than both two-factors and four-factors coupling degree, higher coupling degree means higher risk to cause dangerous goods transport accidents. Meanwhile, CCD is higher during January to June than the value during July to December, higher CCD means better development of road dangerous goods transport system, higher degree of system harmony and orderliness degree, and easy to cause a road dangerous goods transport accident.
Introduction
With the rapid development of the chemical industry and the continue increasing of the dangerous goods demand, a large number of vehicles run on the road network loaded with dangerous goods. The statistical data shows that operational errors, vehicle failure, extreme weather etc. are easy to cause road dangerous goods transport accidents, so the RDGTSR evaluation attracts more and more researchers' attention (Huang et al. 2016 ). The Expert Scoring Method (ESM) and Analytic Hierarchy Process (AHP) are always applied to evaluate the RDGTSR (Erkut and Aingolfsson, 2000) , but the results are influenced by the randomness and uncertainty. In this paper we regard the road dangerous goods transport system as a complex system with four sub-systems, including Human (H, e.g. driver), Machine (M 1 , e.g. dangerous goods), Environment (E, e.g. road network, weather) and Management (M 2 , e.g. management system). Accidents happened when two or more dangerous sub-systems coupled together, including: H-M 1 , H-E, H-M 2 , M 1 -E, M 1 -M 2 , E-M 2 , H-M 1 -E, H-M 1 -M 2 , M 1 -E-M 2 and H-M 1 -E-M 2 . After that we proposed a new RDGTSR evaluation approach based on CCD, the remainder of this paper is organized as follows: in section 2 we introduce the approach, which is formulated based on the historical data about the happened road dangerous goods transport accidents and used translation-corrected EWM to calculate the weight, as well as the CCD. The next section 3, a case study taking 2015 annual road dangerous goods transport accidents in China will be carried out in order to test the performance of the methodology presented in this paper. The final section 4 presents the major conclusions and gives an outline of future research tasks.
The Approach
The coupling of the four sub-systems' risk factors will cause accidents, the risk factors of Human sub-system including: poor health condition, psychological pressure etc., the risk factors of Machine sub-system including: the carried goods are inflammable, explosive, corrosive, toxic etc., the risk factors of Environment sub-system including: extreme temperatures, heavy rain etc., the risk factors of Environment sub-system including: lack of plan and exercise management, lack of illegal transportation management etc. (see Huang et al. 2016 ). The detail calculation process of the new approach will work as follows:
Step 1: We assume the k year is under evaluation, i represents the sub-system, Step 2: Calculate the probability ,
, , ,
Step 3: Calculate the weight based on translation-corrected EWM: Initialize the initial decision matrix
where , 
And the weight obtained from information entropy for i is expressed as follows:
All value of the indexes must be greater than zero when we apply the EWM, but according to the actual practice, the zero value always appears during the weight calculation processes, and the EWM will be failure ( ,
. We use » to represent the condition mentioned above, if satisfies » , shows this indicator has no impacts for the weight obtaining processes, the whole processes will be a failure. In order to solve this problem, we corrected the existing EWM by adding a translation data into formula (4):
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∆ is the translation value. In order to maintain the integrity of the original data, the data information loss must be controlled in an acceptable range. For each i , we definite information loss tolerance coefficient (ILTC) i η to restrict the information loss artificially:
For each i , we can control the , k i j r ∆ in a reasonable range by setting the ILTC i η in an acceptable range, artificially. After the process, the inherent defects of the EWM can be restrained to a certain extent, and makes all indicators playing a role in the weight obtaining processes. Next we give our proof: Assuming there is a set of non-negative numbers, 1 2 3 , , , , , , ( ) ( ) ( ) 
, establish the function formulated as: ( ) ( )
− − , take the derivative of each variable and we can obtain: 
S is standard deviation of the accidents caused by single sub-system, m′ is the coupled sub-systems' number, 2 
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Case Study: Comparison Analysis and Results Discussions
We now give our case study taking 2015 k = annual road dangerous goods transport accidents number in China in order to test the performance of the methodology presented in this paper, formed an initial information decision matrix ϖ under each i η will be presented in Table 2 . From Table 2 we can find that the lager of the i η , the lager value range of the , Table 5 ). Table 4 . Calculation results about multivariate risk coupling value , the coupling among the sub-systems is strong. From Table 4 we can see the two-factors coupling and the four-factors coupling of the road transport system in 2015 belong to the moderate coupling state, the three-factors coupling shows strong coupling state. From the Table 5 we can find that two-factors CCD and the four-factors CCD of the road transport system in 2015 is lower than the three-factors CCD. CCD is higher during January to June than the value during July to December, which means the sub-systems are more harmony and ordered during January to June, so the road dangerous goods transport system is safer during July to December. Operators and managers should pay more attentions to the road dangerous goods transportation safety management during January to June.
Conclusion and Further Study Works
In this paper we proposed a new RDGTSR evaluation method. We divided the road dangerous goods transportation system into four sub-systems: H, M 1 , E and M 2 , collected historical data and used translation-corrected EWM to calculate the coupling degree, coordination degree and CCD, established the evaluation approach. We introduced the ILTC to control the data information loss in a reasonable range when we applied the translation-corrected EWM to obtain the weight, and we used both strict mathematical proof and case study to test our newly proposed approach. The results showed that the larger of the ILTC, the lager value range of the translation value; the smaller of the ILTC, the final weight was closer to the weight without translation-corrected. The newly proposed translation-corrected EWM could restrain the inherent defects of the EWM to a certain extent, make all indicators playing a role in the weight obtaining processes, reduce the uncertainty caused by human factors and improve the reliability of weight obtaining processes. Also the results of the case study showed that the two-factors coupling and the four-factors coupling of the road transport system in 2015 belonged to moderate coupling state, and the three-factors coupling showed strong coupling state. The two-factors CCD and the four-factors CCD of the road transport system in 2015 was lower than the three-factors CCD, which means the road dangerous goods transport system was safer in the second half of 2015. How to apply this approach into actual engineering practice, how to determine the ILTC, are the study works in the further.
